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The tear film is approximately 8–9 lm thick and is com-
prised of 98.2% water and 1.8% solids. The three layers that
make up the tear film are lipid, aqueous and mucous. The (out-
er) lipid layer consists of phospholipids, cholesterol and wax
esters. The phospholipid end of the fatty acids interacts with
the aqueous layer while the fatty acid end interacts with other
lipids forming a layer 0.1–0.2 lm thick that mitigates evapora-
tion of the tears. The lipid layer is secreted by the meibomian
(tarsal) glands and the sebaceous glands of Zeis. The (middle)
aqueous layer, provides nutrients to the non-vascularized ocu-
lar surface tissue and is secreted by the main and the accessory
lacrimal glands. The aqueous layer is 7–8 lm thick consisting of
water, electrolytes and glycoproteins. The Na+ concentration
of tears is the same as serum, however, the concentration of K+
is 5–7 times greater than that in serum. Na+, K+, and Cl con-
centration regulate the osmotic flow of fluids. The (inner) mu-
cous layer is 1 lm thick and acts as a lubricating layer. The
mucin layer is composed of high molecular glycoproteins, elec-
trolytes, and water. It is secreted principally by the conjunctival
goblet cells, the stratified squamous cells of the conjunctival
and corneal epithelium and minimally by the lacrimal glands
and their components.1,2
Cystic fibrosis (CF) is inherited as an autosomal trait char-
acterized by defective mucus secretion in different parts of
the body. CF is caused by a flaw, or mutation of the cysticfibrosis transmembrane conductance regulator gene (CFTR
gene) occurring at a single locus on the long arm of chromo-
some 7. The damaged CFTR gene prevents function of the
chloride ion channels in patients with CF resulting in exces-
sive salt accumulation in the body, where some of it eventu-
ally is excreted through the sweat glands. Hence, salty skin is
of diagnostic value in CF. As water follows salt movement,
the predicted net flux of water would be from the lumen to
the sub-mucosa and would be greater across CF epithelia.
Normal water movement is required to produce thin, free-
flowing mucus. The nonfunctioning chloride ion channels
resulted in less water in the lumens of the ducts resulting in
sticky, thick mucus that CF patients endure.3,4 Since the
lacrimal glands contribute to the production of mucus we
therefore, expect some changes in the structure of the lacri-
mal glands. In this report, we present the histological findings
in the lacrimal gland of a patient with CF.Case report
The orbital contents were evaluated of the lacrimal glands
of two orbits from a 25 year old white male who died from CF
related complications. The patient was diagnosed with CF at
10 months of age by the analysis of duodenal aspirate. The
patient’s sister was also reported to suffer from CF.
The pathologist report on autopsy of the patient revealede:
al.com
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phy of the pancreas, (2) chronic obstructive bronchial dis-
ease, (3) dilatation of the right ventricle, (4) passive
congestion of the liver, (5) infertility with atrophy of the testis.
The orbital contents of the lacrimal glands were obtained
immediately after death from 9 subjects without CF with age
ranging between 30 and 60 years. The glands from all sub-
jects were fixed in 10% formalin for 48 h, embedded in paraf-
fin wax and sectioned 6–8 lm thick with microtomes. All the
sections from all subjects were stained5 with: 1. Hematoxylin–
eosin (H&E), which is a popular stain in histology that stains
the nuclei blue and the remaining tissue in different shades
of red; 2. Periodic acid Schiff stain (PAS), which is a staining
method used to detect polysaccharides such as glycogen,
and neutral mucosubstance such as glycoproteins, glycolipids
and neutral mucins in tissues; 3. Alcian blue stain, which is a
copper phthalocyanine, stains acid mucopolysaccharides
and glycosaminoglycans – the stained parts are blue to blu-
ish-green. The sections were studied with light microscopy.
Results
By comparing the lacrimal gland from a subject with CF to
the glands of normal subjects we observed the following:Figure 1. Section of the lacrimal gland stained with Periodic acid Schiff stain; N
with cystic fibrosis (A) as compared with normal patients (B).
Figure 2. Section from lacrimal glands stained with Hematoxylin–eosin stain.
compared with normal patients (B).1. In the lacrimal gland from CF patient there were an
increased number and size of vacuoles within the acini
and outside the acini, (Fig. 1a and b).
2. There was a definite decrease in the number of the acini as
shown in Fig. 2.
3. There were positive staining in both PAS and Alcian Blue
staining in both the normal lacrimal glands and the glands
from CF patient.
4. There was a decrease in PAS-stained material in the lacri-
mal gland from the CF patient compared to the normal
lacrimal glands (Fig. 3a and b)
5. There was a decrease in Alcaine blue-stained material in
the lacrimal gland from the CF patient compared to nor-
mal lacrimal glands (Fig. 4a and b).
Discussion
In the present case; the patient’s sister was affected with
CF; which goes with the known pattern of inheritance of the
disease. In this comparison of the histopathology, of the lacri-
mal gland of one CF patient to a number of normal lacrimal
gland samples we found some differences. There was a de-
crease in the PAS stained material as well as a decrease in
the Alcaine blue stained material compared to normal. Thisote the increase in the number and the size of the vacuoles in the patient
Note the rarefication of the acini in the patient with cystic fibrosis (A) as
Figure 3. Section from lacrimal glands stained with Periodic acid Schiff stain; note the decrease in the amount of the stained material and increase in the
vacuoles (A) in patients with cystic fibrosis compared with normal patients (B).
Figure 4. Section from lacrimal gland from a patient with cystic fibrosis (A) stained with Alcian blue. Note the decrease in the stained material as
compared with the section from normal patients (B).
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tion and the decrease of this material in this patient might be
primary or secondary to the complication of CF. The distur-
bance in chloride channels disrupted Na+ movement and sub-
sequently water movement from the duct lumen to the
submucosa causing the mucus in the lumen to thicken, clog-
ging the small ducts within the lacrimal glands resulting in
the degeneration of the acini. This is the likely explanation of
the decrease in the acini and the presence of vacuoles noted
in the present case and a previous report.6 Orzalesi6 in 1971 re-
ported the presence of vacuoles and droplets which increase
with age in the orbital section of normal human lacrimal glands.
The vacuoles were large and numerous in our patient despite
his young age. These vacuoles may contain fluid or fat lost dur-
ing tissue processing. There was a decrease in glycoprotein
(PAS and Alcaine blue positive material) which is likely second-
ary to the degenerative process of the acini.7
We expect CF may affect different ocular structures8–21
based on the following observations: (1) CFTR activity was
demonstrated in the conjunctiva8 and the epithelial cells in
the lacrimal gland ducts9; (2) In CF, conjunctival goblet cells
were reported to be normal in some studies,10 and decreasedin other studies.11 This difference may be related to the stage
of the disease at the time of observation. Therefore the tear
film is affected in CF. Patients with CF are expected to have
an abnormal tear film and punctate keratitis. An abnormal tear
breakup time12 and hypo-secretion of tear fluid13 have been
previously reported in CF patients. It is therefore likely that
the degenerative process (decreased acini and increased size
and number of vacuoles) contributes to the decrease in tear
secretion. Hence the stability of the tear film will be affected.
Other mechanisms to explain the punctate keratitis in CF
patients include high calcium levels which induce the precipita-
tion of glycoprotein of tear as suggested for other glands.14
This decrease in water solubility of mucin causes instability of
the tear film, which may lead to superficial punctate keratitis.
Tissue culture findings suggest that metabolic error is going
on in all the cells of the body though it gives rise to clinical
manifestation in exocrine glands.
CF is a systemic disease with abnormal NaCl movement
contributing to the production of thick, sticky mucus that clogs
the secretory channels and damages various organs. The eye
may also be affected indirectly. The thick secretion will clog
the biliary and pancreatic ducts resulting in cirrhosis and
116 A. Alghadyan et al.impaired pancreatic function as seen in the present case. Both
liver and pancreatic complications of this disease may cause
repeated gastrointestinal disturbances such as diarrhea,
constipation, diabetes, mal-absorption and mal-nutrition.
Mal-absorption will cause vitamin A deficiency which may re-
sult in night blindness and xerophthalmia that are responsive
to vitamin A treatment.15–17 In 1998 Suttle et al.18 reported
an abnormal visual evoked potential and electroretinogram
in patients with CF. Gorden et al.,19 reported the presence
of drusen involving the macula. Schupp et al20 reported that
adults with CF have dramatically low serum and macular con-
centrations of carotenoids (lutein and zeaxanthin), which may
explain the previous macular involvement.
As in the present case the bronchioles may get clogged
leading to repeated respiratory infection and chronic
obstructive pulmonary disease resulting in polycythemia
and subsequent retinal vein occlusion.21 The reproductive
system may be affected especially in males (as in the present
case) with infertility and atrophy of the testis may be second-
ary to clogging of the vas deferens. However, females with
CF may become pregnant because the tubes are wider.
Other CF common complications include nasal polyps of un-
known etiology and sinusitis which might be due to the thick
mucus.
In summary different ocular tissues may be affected by CF
either directly or indirectly. In the light of these findings the
lacrimal gland is being affected by this disease which can
manifest on the ocular surface. Therefore we recommend
that patients with CF should be evaluated for tear deficiency
and tear stability.
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